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BACTER10SIS OF RUTABAGA:
(Bacillus campestris n. sp)
BY L. H. PAM MEL.
During the month of August, 1892, my attention was 
called to a disease of rutabagas, which, at that time, had 
consumed more than ten per cent of the crop. The disease 
was spreading rapidly, owing to the favorable conditions of 
the weather, warmth and moisture. The ground was very 
moist, owing to frequent rains in July and early August. 
The disease became so severe that in some patches, by the 
middle of September, more than half of the crop was 
destroyed ; it was equally disastrous to some yellow turnips.
In  1893 the disease was again severe to rutabagas ; in 
one case more than fifty per cent were destroyed. A special 
student, Mr. J. A. Rolfs, who examined a large number of 
rutabagas for me, makes the following report on the extent 
of the injury: uXWP "
“ On September 3d I examined the rutabagas east of the 
college. In bottom the crop is a complete failure In three 
hours of careful search I found one which was exempt. On 
November 1st the rutabagas north of the College, on high,, 
rolling land, were examined. Here I  found not more than 
half a crop, and those left were of the poorest quality.”
In 1893 the disease was again severe to rutabagas; in 
one case more than fifty per cent were destroyed. In 
order to obtain some information on the distribution of the 
disease in Iowa, notes were published in the Iowa Homestead 
and R ural Life; but I  only received one reply, and that from 
Richland, Nebraska. ,Mr. Charles K. Wilkins, who wroti 
as follows:
“ Dear S ir: We have quite a long row of Golden Balt 
turnips, and nearly all of them have rotted in the way de­
scribed by you in the Homestead. We also have some Flat 
Dutch turnips that are rotting in the same way. Last year
3 September 15, 1892.
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■we had a quarter of an acre of sugar beets, and some of them 
rotted, the rot starting in the crown. I have not noticed 
cabbage rotting about here. ”
This rotting of sugar beets was described quite fully in 
Bu l l e t in  No. 15, Iowa Agricultural Experiment Station, 
and is due to Rhizoctonia Betae. Prof. P. H. Mell reports 
the turnip rot as occurring in Alabama.
CHARACTERS.
This disease is easily distinguished by its strong odor, an 
odor peculiar to rotting rutabagas and turnips. It may be 
designated as a turnip odor. The roots as well as the stem 
are affected with a rot that in the majority of cases begins in 
the crown, although in some cases it appears to start at the 
bases of the leaves; in others it starts on the sides of the 
fleshy root. The leaves of rape, rutabagas and turnips, in 
those rotting as well as not rotting, were uniformly spotted 
with some disease, probably bacterial; but this has not been 
worked out. If  this should prove to be the same disease it is 
easily seen why the disease should start in the crown, or at 
the base of the leaves. The rotting rutabagas could not be 
detected till the disease had nearly destroyed the root. Then 
they were less firm, and but slightly wilted.
In a recently diseased plant the following characters can 
be made out. The fibro-vascular zone is black, as shown in 
figure 1. This black zone may be traced from the crown, or 
the vascular region of the leaf, down into the turnip or ruta­
baga for some distance, frequently for more than half its 
length. The zone of parenchyma sutrounding the fibro-vas- 
cular bundle in recently affected portions have a more watery 
appearance. In roots where the disease is much advanced 
the bark separates from the fleshy portion of the root. When 
the conditions are favorable the rot soon affects the whole 
root and stem. Frequently the stem and root become hollow, 
and contain a disagreeable smelling fluid. In some cases 
this breaks out, as shown in Figure 1, Plate I; or it opens out 
on the root farther down. In this semi-liquid substance bac­
teria of several kinds are found, some having a very active 
motion. In turnips several different forms were found, most 
off them bacilli; some of these also exhibited a lively motion.
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HOW THE DISEASE SPREADS.
In all root-rot diseases with which I am acquainted, the 
disease spreads from some starting point and extends in all 
directions, frequently following rows, or circular areas are 
formed. This disease is no ex 'ption to the rule. In 
one patch the disease made its appearance at one end, spread­
ing in all directions. Frequently a dozen or more plants in 
a row were affected. In some isolated patches affected ruta­
bagas were found. That this is a disease primarily influenced 
by the condition of the weather admits of no doubt. As 
stated before, the disease made great headway in August and 
early September; but when the dry weather began, it slowly 
ceased to spread. During the middle of October but few 
actively rotting plants were found, and many in which the 
disease had made considerable progress, ceased to spread. 
There were no other indications of rot., except that the roots 
were hollow. Closer examination showed that, surrounding 
the rotting area, there had been formed by the plant, cork 
which protected it. The formation of cork to protect plants 
from an invading enemy is well known in such diseases as 
apple scab and potato scab. The spread of this disease seems 
also to have been influenced somewhat by the age of the plant. 
Early and very late sown, resisted the disease somewhat better 
than those planted between the two.
Soil seems not to have been a factor in influencing the 
.disease.
CAUSE OF THE DISEASE.
A large number of roots were examined, but in no case 
•could the mycelium of a fungus be found, except where the 
disease was well advanced. Innumerable bacteria were 
always found in the decaying substance. These were always 
found in the black areas of the root, so that the disease 
seemed to be of bacterial origin. To test this matter several 
sound rutabagas in the field were inoculated on the side and in 
crown. The result shows that the rutabagas began to rot in 
the course of a few days. Mr. Rolfs then inoculated some­
thing more than twenty in the same way, with positive 
results. I am well awarfe that this is by no means a crucial 
test, for the rutabagas may have been affected with the rot,
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but this we could not detect. It is a well known fact that 
bacteria, as well as higher fungi, may at times cause decay 
and rot as a result of mechanical injuries.
The next step was to isolate the germ from rutabagas, 
as well as yellow turnips, which would produce this rot. 
Agar agar roll cultures were then made, from the more 
or less fluid portion; these gave unsatisfactory results. 
We then carefully removed with a sterilized scalpel some 
of the black areas adjoining healthy tissue with a platinum 
needle, using the test tube of agar. Several forms of bacteria 
were obtained, and one of these a bacillus producing a whit­
ish growth on the surface of agar agar, when inoculated 
into an apparently healthy rutabaga produced rot. This 
was not, however, a crucial test, since the number of inoc­
ulations with pure material was too limited; secondly, the 
rutabagas in the field may have been affected with the disease.
From the same source in 1892 and 1893 we obtained a yel­
low bacillus; that, too, in the field of 1892, gave some indi­
cations of rot. In 1893 we removed to the green-house sixteen 
rutabagas from a field in which the disease had not appeared. 
The leaves were cut off, the plants carefully cleaned and washed 
and planted in pots. Eight plants were inoculated with the 
rutabaga bacillus and eight remained as checks. The plants 
were inoculated in the following way: knives were sterilized 
by passing through a flame, and small areas were cut out. 
Inoculation was then made with a platinum needle from the 
culture. To prevent the air having access to the plants the 
cuts were sealed over with wax. The plants showed signs of 
rot in the course of a few days. It made its way along the fibro- 
vascular bundle, finally involving the whole plant. After these 
plants had rotted in this way they were removed to the labora­
tory and then cultures were made from parts of the turnip 
adjoniing’unaffected portions; cultures were also made from 
the black zones. From this material we obtained the yellow 
bacillus.
DESCRIPTION OF BACILLUS.
Morphology.—Bacillus varying somewhat in length, from 
1.87®, 2.25" to 3.", width uniform .37". Rods rounded at 
ends, occurring singly or in chains of two or three, staining
*33
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uniform and readily with fuchsin and gentian violet; in old 
cultures it stains with difficulty. In hanging drops the ba­
cillus exhibits a lively motion. The organism has considera­
ble vitality, cultures four months old growing readily when 
transferred. Spores not observed.
Agar agar.—Cadmium yellow growth spreading over sur­
face and following track of needle. Grows at ordinary tem­
perature of room.
Gelatin.—Cadmium yellow growth follows track of nee­
dle; confined to a narrow area of surface. Yellow only on sur­
face, colorless down in medium. Does not liquefy gelatin.
Patato.—Rapid growth over surface of potato; round, 
granular raised colonies; color lighter yellow than on agar.
Bouillon.—At first a yellowish-white growth on surface, 
with very slight metallic lustre where pellicle is thin; finally 
falls to bottom of tube.
Fermentation tube.—Five per cent cane sugar. Does not 
produce gas. Grows in bulb, not in tube. But slightly 
anaerobic.
Blood serum.—Yellow growth along track of needle. No 
liquefaction. Growth at ordinary temperature of room.
Pathogenesis.— Produces a characteristic rot in rutabagas 
and yellow turnips; at first confined to fibro-vascular region, 
soon involving nearly all of the rutabaga. Strong odor of 
rotting rutabagas and turnips.
EXPLANATION OF PLATE I.
Figure i—Rutabaga natural size, showing rotten part of 
stem in cross-section and breaking out on sides, natural size. 
Drawn by Miss Charlotte M. King.
Figure 2—Bacilli from fluid part, having motion.
Figure 3—Bacillus campestris from culture, causing rot, 
greatly magnified.
Figure 4—Portion of rutabaga showing black fibro-vas­
cular region; natural size. Drawn by Miss King.
I Figure 2—Bacillus campestris culture on agar. Drawn 
by Miss Nettie Fibbs.
Figure 6. Bacillus culture on potato. Drawn by Miss 
Fibbs.
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PLATE I.
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